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A 2-year-old 4.2-kg (9.2-lb) neutered female domes-tic shorthair cat was referred to the Queen’s Veteri-
nary School Hospital of the University of Cambridge 8 
days after an acute onset of thoracic limb weakness. Ac-
cording to the owner, the cat initially had right thoracic 
limb lameness, but signs progressed within 2 days to 
bilateral thoracic limb weakness. The cat lived indoors 
and had been vaccinated 7 months previously. Results 
of a CBC, serum biochemical panel, and urinalysis per-
formed prior to referral were unremarkable, as were 
results of serologic testing for evidence of exposure to 
feline coronavirus, Toxoplasma spp, FIV, and FeLV. No 
obvious lesions were seen on lateral radiographic views 
of the vertebral column.
On initial examination at the Queen’s Veterinary 
School Hospital, the cat had signs of bilateral thoracic 
limb paresis (ie, palmigrade stance and lack of exten-
sion of the elbow and shoulder joints), but pelvic limb 
motion appeared normal. Neurologic examination 
revealed marked abnormalities of postural reactions 
(ie, wheelbarrow, hopping, and hemiwalking) in both 
thoracic limbs, but pelvic limb postural reactions were 
normal. There was bilateral atrophy of the thoracic limb 
muscles, and the cat had severe signs of resentment in 
response to thoracic limb manipulation. Thoracic limb 
myotatic and flexor reflexes were markedly depressed, 
whereas pelvic limb reflexes were normal. Jaw tone, as-
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Case Description—A	 2-year-old	 spayed	 female	 domestic	 shorthair	 cat	 was	 examined	
because	of	bilateral	thoracic	limb	weakness	of	acute	onset.
Clinical Findings—Clinical	signs	included	muscle	atrophy,	paresis,	depressed	spinal	reflex-
es,	hyperesthesia	of	the	thoracic	limbs,	and	reduced	jaw	muscle	tone.	Pelvic	limb	reflexes	
were	normal.	Results	of	a	neurologic	examination	were	suggestive	of	multifocal	 lesions	
involving	 both	 brachial	 plexuses	 and	 the	 trigeminal	 nerves.	 Abnormal	 nerve	 conduction	
across	the	brachial	plexus	and	delayed	late	potentials	were	found	on	electrodiagnostic	test-
ing,	and	diffuse	subclinical	involvement	of	other	regions	of	the	peripheral	nervous	system	
was	confirmed	on	 the	basis	of	abnormal	electromyographic	findings	 for	 the	masticatory	
muscles	and	conduction	block	of	the	peroneal	nerve.
Treatment and Outcome—No	specific	treatments	were	given,	and	neurologic	signs	re-
solved	within	a	month.	A	relapse	occurred	2	months	after	the	first	episode,	with	clinical	
signs	affecting	both	the	pelvic	and	the	thoracic	limbs	on	this	occasion.	Again,	the	condition	
resolved	without	specific	treatment,	and	13	months	after	the	initial	episode,	the	cat	report-
edly	was	normal.
Conclusions and Clinical Relevance—Findings	suggested	that	brachial	plexus	neuropathy	
can	be	a	multifocal	disease	in	cats,	even	if	clinically	apparent	neurologic	deficits	are	initially	
subtle	or	absent,	and	that	electrodiagnostic	techniques	can	be	used	to	identify	subclinical	
involvement	of	the	peripheral	nerves.	(J Am Vet Med Assoc	2009;234:240–244)
sessed by use of a standard method,1 was found to be re-
duced. The cutaneous trunci reflex was absent bilater-
ally. No signs of pain were evident during manipulation 
of the neck. Signs were considered to be most likely a 
result of lesions involving both brachial plexuses and 
the motor branches of the trigeminal nerves. A focal 
lesion of the gray matter between spinal cord segments 
C6 and T2 was considered a possibility but was thought 
to be unlikely because of the extensive loss of muscu-
lar function in the thoracic limbs, compared with the 
pelvic limbs, and a lesion in this location would not 
explain the decreased jaw tone.
Results of a follow-up CBC and serum biochemical 
profile were unremarkable, other than high serum cre-
atine kinase activity (587 U/L; reference range, 49 to 151 
U/L). Ten days after the first clinical signs were noticed 
by the owner, the cat was anesthetized with propofol and 
sevoflurane, and concentric-needle electromyography 
of the muscles of the head, proximal and distal muscle 
groups of the right and left thoracic and pelvic limbs, and 
muscles of the cervical, thoracic, and lumbar portions of 
the vertebral column was performed.a Abnormal sponta-
neous electrical activity, including fibrillation potentials 
and positive sharp waves ranging from 1+ to 2+ (reference 
range,2 0 to 4+), was recorded in all proximal and distal 
muscle groups in both thoracic limbs. Fibrillation poten-
tials were also recorded in the masseter muscles (2+) and 
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Abbreviation
CMAP  Compound muscle action potential
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the left cranial tibial muscle (1+). Electroneurography of 
the left ulnar, radial, tibial, and peroneal nerves was per-
formed with subdermal needles.b For motor recordings 
of the ulnar, tibial, and peroneal nerves, stimulating and 
recording electrodes were placed as previously described 
for dogs.3 For stimulation of the proximal portion of the 
radial nerve, needles were inserted lateral to the verte-
brae and medial to the scapula at the level of the C7-T1 
intervertebral disc space (C8 nerve root); the transverse 
process of C6 and the first rib were used as anatomic 
landmarks. For stimulation of the distal portion of the 
radial nerve, needles were inserted over the distolateral 
aspect of the humerus, as described for dogs.3 Recording 
needles for stimulation of the proximal and distal por-
tions of the radial nerve were placed in the extensor carpi 
radialis muscle. A single supramaximal electrical stimu-
lus with a duration of 0.1 milliseconds was used. The 
amplifier was set with a low-frequency filter of 2 Hz and 
high-frequency filter of 10 kHz. The sensitivity was set at 
5 mV. For sensory recordings of the peroneal, radial, and 
ulnar nerves, previously described anatomic landmarks 
for cats were used.4 Residual M-wave latency and the F 
ratio were calculated in the usual manner.2 Results of 
electroneurography were compared with previously re-
ported results.4–6 Because results of electroneurography 
of the radial nerve across the brachial plexus have not 
been published, the same technique was used to obtain 
recordings of the radial nerve in a clinically normal cat.
Compound muscle action potential amplitude was 
reduced in all tested nerves, except the tibial nerve 
(Table 1), and the ulnar nerve had extremely low CMAP 
amplitudes. The morphology of the CMAP elicited by 
stimulation of the radial nerve proximal to the brachial 
plexus was polyphasic with a marked increase in dura-
tion (9.7 milliseconds), compared with duration of the 
CMAP elicited by stimulation of the radial nerve distal 
to the brachial plexus (4.2 milliseconds; Figure 1). In 
contrast, in the clinically normal cat, amplitudes of the 
CMAPs elicited by stimulation of the radial nerve proxi-
mal and distal to the brachial plexus were similar to 
each other (approx 35 mV), and there was no evidence 
of temporal dispersion. There was evidence of conduc-
tion block along the peroneal nerve, as confirmed by 
a CMAP amplitude ratio of 0.27 for stimulation of the 
proximal versus distal portion of the nerve and a per-
centage change in duration of 12%. Motor nerve con-
duction velocity was slightly reduced for the radial nerve 
and markedly reduced for the ulnar nerve. Compound 
sensory action potentials could not be recorded from the 
superficial branch of the radial nerve but were recorded 
from the ulnar and peroneal nerves, and their conduction 
velocities were normal (Figure 2). This finding suggest-
ed involvement of the sensory part of the radial nerve. 
To further distinguish distal from proximal (nerve root) 
disease, residual M-wave latencies were measured and 
F-wave studies were conducted. Residual M-wave laten-
cies were within expected limits, whereas F-wave latencies 
of the ulnar and tibial nerves were high, compared with 
values reported for clinically normal cats.7,c The F ratio 
was also high for these 2 nerves, suggesting more proxi-
mal, rather than distal, peripheral nerve involvement.
As a whole, the electromyographic abnormalities 
and low CMAP amplitudes were suggestive of axonal 
involvement of the motor components of the brachial 
plexuses. The sensory branch of the radial nerve also ap-
peared to be affected. In addition, the temporal disper-
sion of the CMAP after stimulation of the radial nerve 
root proximal to the brachial plexus specifically indicat-
ed involvement of the brachial plexus. The finding of a 
conduction block along the peroneal nerve with minimal 
electromyographic abnormalities and no clinical signs 
was suggestive of early demyelination. Finally, the de-
layed F-wave latencies and high F ratios were suggestive 
of proximal lesions of the peripheral nerves.
The owner declined further diagnostic testing, such 
as brachial plexus biopsy, peripheral nerve biopsy, and 
CSF analysis, at this time, and a decision was made to 
monitor the cat’s neurologic status. Although no treat-
ment was given, there was rapid improvement in the cat’s 
clinical signs over the next week. One month after clini-
cal signs had initially developed, the cat had only mild 
signs of thoracic limb paresis and could walk almost nor-
mally. The cat had a relapse 2 months after the first epi-
sode, with clinical signs progressing over 2 weeks before 
stabilizing and involving both the thoracic and pelvic 
limbs, confirming diffuse involvement of the peripheral 
nervous system. Again, there was gradual improvement 
over 1 month without any treatment. During a telephone 
	 Tibial	nerve	 					Peroneal	nerve	 		Radial	nerve	 							Ulnar	nerve
	 Affected	 Reference	 Affected	 Reference	 Affected	 Reference	 Affected	 Reference	
Variable	 cat	 values	 cat	 values		 cat	 values	 cat	 values
CAMP amplitude (mV)
  Distal stimulation 24.4 20.9  3.4 17.0 30.9  6.6                 16.9 35.4*                   5.8 18.8  4.7
  Proximal stimulation 23.2 15.6  4.0 4.6 29.0  6.2                   3.5 34.7*                    0.3 15.7  4.8
Motor conduction  90 101.4  12.9 109 88.3  17.8                 79 87*                       61 120.0  24.4
  velocity (m/s)
Sensory conduction  ND 80.2  7.9 90 85.3  6.8                  NR 83.6  8.3                82 89.2  10.3
  velocity (m/s)
M-wave residual  1.46 1.8  0.4 0.42 1.9  0.6 0.37 0.76*                 1.1 1.3  0.3
  latency (ms)
F-wave latency (ms) 12.9 9.5  1.0 ND NA                       ND NA                  11.8 8.4  0.9
F ratio 5.45 1.75  0.2 ND NA ND                 NA                   3.36 1.80  0.21
Reference values are given as mean  SD and have been published previously.4–6,c
*Reference values were not available; reported values represent results of electrophysiologic testing in a clinically normal cat.
NR = Not recorded. ND = Not determined. NA = Not available.
Table	1—Results	of	electrophysiologic	testing	in	a	cat	with	polyneuropathy	and	clinical	signs	of	bilateral	brachial	plexus	neuropathy.
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conversation 13 months after the first episode, the owner 
indicated that the cat appeared normal.
Discussion
Bilateral dysfunction of the brachial plexus is appar-
ently uncommon in cats8,9 and dogs,10,11 and to our knowl-
edge, there is only a single previously pub-
lished report8 of brachial plexus neuropa-
thy in a cat. Importantly, although the cat 
described in the present report had bilat-
eral brachial plexus lesions, we were also 
able to identify subclinical involvement of 
other peripheral motor and sensory nerves 
through electrodiagnostic testing.
In the cat described in the present 
report, signs of pain were clearly elicited 
by manipulation of the thoracic limbs, 
and results of electrodiagnostic testing 
were suggestive of radial nerve sensory 
dysfunction. In contrast, signs of pain 
were not described in a previous report8 
of a cat with brachial plexus neuropa-
thy, although a report11 of a dog with 
brachial plexus neuropathy described 
intermittent periods of pain. Jaw tone in 
the cat described in the present report 
was reduced clinically, and this finding 
was confirmed by the abnormal electro-
myographic findings for the masseter 
muscles. Mild abnormalities were also 
seen during electromyography of the left 
cranial tibial muscle, and peroneal nerve 
conduction was abnormal, even though 
results of neurologic examination of the 
pelvic limbs were normal. In the previ-
ous report8 of a cat with brachial plexus 
neuropathy, results of electromyography were unre-
markable and nerve conduction velocity of the tibial 
nerve was normal; however, the peroneal nerve was 
not tested. Interestingly, severe dyspnea developed in 
this cat8 and has also been identified in cats with acute 
idiopathic polyneuropathy.12 Because of the additional 
findings in the cat described in the present report, it is 
Figure	2—Sensory	nerve	conduction	potentials	recorded	from	the	left	peroneal	(A),	
ulnar	(B),	and	radial	(C)	nerves	in	a	cat	with	polyneuropathy.	Potentials	could	not	be	
recorded	from	the	radial	nerve	in	the	region	of	the	distal	part	of	the	humerus,	after	
subcutaneous	stimulation	of	the	dorsal	part	of	the	paw.
Figure	1—Compound	muscle	action	potentials	 recorded	 from	the	 left	 radial	nerve	 in	a	cat	with	polyneuropathy	 (A	and	C)	and	 in	a	
clinically	normal	cat	(B	and	D).	Recordings	were	obtained	after	stimulation	of	the	distal	portion	of	the	radial	nerve	(A	and	B)	and	after	
stimulation	proximal	to	the	brachial	plexus	(C	and	D).	In	the	cat	with	polyneuropathy,	notice	the	polyphasic	morphology,	low	amplitude,	
and	long	duration	of	the	CMAP	recorded	after	stimulation	of	the	nerve	proximal	to	the	brachial	plexus.
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not accurate to characterize the condition as a brachial 
plexus neuropathy. Rather, it appeared that the cat had 
an acute polyneuropathy with clinical signs of bilateral 
brachial plexus neuropathy.
Electromyographic findings and low CMAP am-
plitudes in the cat described in the present report sug-
gested that the nerve lesions in this case were predomi-
nantly a result of multifocal axonal loss. In the previous 
report,8 conduction velocity of the median nerve was 
markedly reduced (5.5 m/s), suggesting that lesions 
were the result of a demyelinating process. In the cat 
described in the present report, the temporal dispersion 
and loss of amplitude of CMAPs recorded following 
stimulation of the proximal portion of the radial nerve, 
compared with results obtained following stimulation 
of the distal portion of the radial nerve, suggested that 
there was involvement of the brachial plexus. However, 
it was difficult to determine whether this finding repre-
sented early demyelination, as this would imply severe 
involvement of large-diameter myelinated fibers and 
slow clinical recovery. Temporal dispersion is typically 
subclinical, and thoracic limb weakness in this cat was 
most likely attributable to disruption of axonal conduc-
tion. The prolonged duration and polyphasic morphol-
ogy of the CMAPs obtained following stimulation of 
the proximal portion of the radial nerve can probably 
be explained by duration-dependent phase cancella-
tion or focal axonal injury.2,13 Stimulation of the nerve 
roots proximal to the brachial plexus can be technically 
challenging, and amplitude of the recorded response 
depends to a great extent on the site of stimulation.2 
The lack of proximity of the proximal stimulating elec-
trodes to the nerve roots could have, in itself, caused 
substantial temporal dispersion. However, when the 
same recording technique was used in a clinically nor-
mal cat, good recordings of CMAPs were obtained after 
supramaximal stimulation of the C8 nerve root. On the 
other hand, electrodiagnostic testing of the peroneal 
nerve is much easier and accurate in small animals, and 
a true conduction block without temporal dispersion 
was recorded when results for the proximal stimulation 
site (trochanteric fossa) were compared with results 
for the distal stimulation site (stifle joint), which was 
considered suggestive of demyelination. In the pelvic 
limbs, only the left cranial tibial muscle had electro-
myographic abnormalities suggestive of axonal loss. In 
the early stages of peripheral nerve demyelinating pro-
cesses associated with mild axonal loss, clinical signs 
(weakness) are lacking, consistent with findings for the 
cat described in the present report. Interestingly, the 
pelvic limbs were affected when the cat had a relapse 
of clinical signs, suggesting that more severe (axonal) 
lesions of peripheral nerves in the pelvic limb occurred 
during the second episode. Finally, values for F-wave 
latency and the F ratio give definitive evidence of proxi-
mal peripheral nerve involvement.
The etiology of brachial plexus neuropathy in ani-
mals is not known. In a cat described previously,8 vac-
cination 1 month prior to the onset of clinical signs was 
proposed as an inciting cause, and in a dog, an allergic 
mechanism was suggested.10 However, the reason why 
the brachial plexus should have been specifically in-
volved early in the course of the disease in these ani-
mals was not explained. In some humans with neuralgic 
amyotrophy, which is also known as Parsonage-Turner 
syndrome, acute idiopathic brachial neuritis, and se-
rum neuritis,14,15 lymphocytes have increased blasto-
genic activity when cultured with extracts of brachial 
plexus nerves but not when cultured with extracts of 
sacral plexus nerves, suggesting an immune-mediated 
response directed at epitopes specific to nerves derived 
from the brachial plexus may play a role.16 An immune-
mediated response is also suggested by the presence of 
complement-dependent antibodies against peripheral 
nerve myelin,17 histologic evidence of mononuclear in-
flammatory infiltrates in the brachial plexus, and elec-
tron microscopic evidence of demyelinated axons and 
onion-bulb formation.15
It was not possible to determine the underlying 
cause of the polyneuropathy in the cat described in the 
present report, but there probably are a limited number 
of peripheral nerve diseases in cats associated with spon-
taneous recovery, such as immune-mediated peripheral 
nerve diseases. Brachial plexus biopsy would have been 
necessary to fully characterize the condition9,18 but was 
declined by the owner. Although biopsy of a peripheral 
nerve, such as the peroneal nerve, would have been less 
technically demanding than brachial plexus biopsy, re-
sults of histologic examination of nerve biopsy speci-
mens from dogs with brachial plexus neuropathy have 
been nonspecific.10 On the other hand, examination of 
peripheral nerve biopsy specimens may have provided 
information regarding demyelination, remyelination, 
axonal loss, and whether there was an inflammatory 
component to the neuropathy.
Findings in the present case revealed that brachial 
plexus neuropathy can be a multifocal disease in cats, 
even if clinically apparent neurologic deficits are ini-
tially subtle or absent. This is of importance, as it may 
affect how veterinarians approach such cases. Electro-
diagnostic testing was crucial in confirming the mul-
tifocal involvement in this case, although nerve and 
muscle biopsy would have been necessary to confirm 
the underlying etiology and pathologic abnormalities.
a. Viking Quest, Nicolet Biomedical, Madison, Wis.
b. Disposable subdermal needles, 0.4-mm diameter, Viasys Neuro-
care, Madison, Wis.
c. Cuddon PA. Assessment of nerve root function in neurologic 
disease (abstr), in Proceedings. 13th Am Coll Vet Intern Med 
Cong 1995;913.
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Use of tick surveys and serosurveys to evaluate pet dogs  
as a sentinel species for emerging Lyme disease
Sarah A. Hamer et al
Objective—To evaluate dogs as a sentinel species for emergence of Lyme disease in a region 
undergoing invasion by Ixodes scapularis.
Sample	Population—353 serum samples and 78 ticks obtained from dogs brought to 18 veterinary 
clinics located in the lower peninsula of Michigan from July 15, 2005, through August 15, 2005.
Procedures—Serum samples were evaluated for specific antibodies against Borrelia burgdor-
feri by use of 3 serologic assays. Ticks from dogs were subjected to PCR assays for detection of 
pathogens.
Results—Of 353 serum samples from dogs in 18 counties in 2005, only 2 (0.6%) contained western 
blot analysis–confirmed antibodies against B burgdorferi. Ten of 13 dogs with I scapularis were from 
clinics within or immediately adjacent to the known tick invasion zone. Six of 18 I scapularis and 
12 of 60 noncompetent vector ticks were infected with B burgdorferi. No ticks were infected with 
Anaplasma phagocytophilum, and 3 were infected with Babesia spp.
Conclusions	and	Clinical	Relevance—Serosurvey in dogs was found to be ineffective in track-
ing early invasion dynamics of I scapularis in this area. Tick chemoprophylaxis likely reduces serosur-
vey sensitivity in dogs. Ticks infected with B burgdorferi were more common and widely dispersed 
than seropositive dogs. In areas of low tick density, use of dogs as a source of ticks is preferable to 
serosurvey for surveillance of emerging Lyme disease.
Impact	for	Human	Medicine—By retaining ticks from dogs for identification and pathogen test-
ing, veterinarians can play an important role in early detection in areas with increasing risk of Lyme 
disease. (Am J Vet Res 2009;70:49–56)
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